PROGRESS, RESULTS, AND DISCUSSION
We developed a kinetic model using CrunchFlow, a FORTRAN routine developed by Steefel (2009) . It includes diffusion, advection and reactive terms and is internally linked to a large thermodynamic and kinetic database. To constrain the carbon and sulfur cycling in the sediments above and just below the SMTZ, we included 20 reactions listed in Appendix1 with the 5 reactions most focused in Figure 1 , and a reaction network illustrated in Figure 2 . The fundamental building blocks of the model include 15 primary species, 10 secondary species, 5 gases, and 5 minerals, which are listed in Appendix 2.
We applied this model to the 8 sites drilled in during the second Ulleung Basing Gas Hydrate Expedition (UBGH2), which include 5 sites thought to be controlled by diffusion processes and 3 sites that targeted acoustic blanking chimneys thought to represent advective transport of methane gas. In non chimney sites the depth of the SMTZ usually ranges from 6.2-8 mbsf, in contrast in the chimney sites the SMTZ occurs at much shallower depths, typically 1.2-2 mbfs. Therefore, for the non-chimney sites we used a 20 meters tick sediment column, whereas only 5 meters of sediment were considered at the three chimney sites. We ran the simulation for a time period equivalent to that needed to accumulate the modeled sediment column (400 kyr). Although steady state is not assumed, such time span is long enough for all dissolved and solid species to reach steady state.
Our model can successfully reproduce the concentration and isotopic profiles observed at these 8 drilled sites. As a result, the reaction rates and solute fluxes be quantified, and demonstrate the relative significance of each reaction in cycling organic carbon at the SMTZ. Here we use one site from each non-chimney (Figure 3 for UBGH2-1-1) and chimney sites (Figure 4 for UBGH2-3) to demonstrate the outputs of our model, which show a striking difference in the biogeochemical processes that control the biogeochemical processes in these two contrasting settings.
In the non-chimney sites, most (49-85%) of the organic matter is degraded through sulfate reduction (POCSR, reaction 1 in Figure 1 ), and only a small fraction (15-51%) is available for microbial methanogenesis. Sulfate reduction of organic carbon is also responsible for most (37-70%) of the DIC production at this site. Here, AOM (Reaction 1 in Figure 1 ) is fueled by methane that originates from three different sources: about 26-51% comes from in-situ organic matter degradation via methanogenesis (ME; reaction 4 in Figure 1) ; another 19-32% originates via CO 2 reduction within an internal cycle of carbon between pools of DIC and methane below SMTZ (CR, reaction 3 in Figure 1 ); and the remaining is supplied to the reaction zone from outside the modeled sediment domain, i.e. and external methane source ( Figure 1C ).
In contrast, at the chimney sites, more than 70% of the AOM is fueled by an external methane flux, and the remaining ~20-30% is supported by methane produced from CO 2 reduction and organic matter degradation (<10% CR and 11-21% ME; Figure 2C ). The high methane flux in these settings also acts to shoal the SMTZ, in effect shrinking the sulfate reduction zone, and thus most of the organic matter escapes oxidation by sulfate and gets buried into the methanogenesis zone. Consequently, most (>65%) of the organic matter reaching the seafloor is available to the methanogens, and their enhanced activity is evidenced by the isotopically heavy DIC and methane observed at the chimney sites ( Figure 2B ). Abundant methane is produced from the labile organic matter, which makes the SMTZ even shallower and further enhances methane production.
We are now preparing a manuscript to be submitted to Geochimica et Cosmochimica Acta. A draft of this document should be ready to circulate among the co-authors and seek NETL approval for publication by the end of June. Verification Method: Comparison with our previous box model and similar models published.
Status: Model completed, preparing manuscript for publication

ACCOMPLISHMENTS
A CrunchFlow modeling routine was developed to simulate a complex and interdependednt reaction network at the SMTZ. This model has been applied to the data from Ulleung Basin and provides useful insights on the overall carbon cycle and methane generation in marginal basins.
PROBLEMS OR DELAYS None
PRODUCTS  This progress report  A kinetic model that is ready to apply to other regions to describe the biogeochemical cycling around SMTZ. 
